Resistin is an adipocyte-secreted hormone. The relationship between circulating resistin concentrations and atherosclerotic coronary artery disease (CAD) in type 2 diabetic patients, if any, remains poorly understood. Serum resistin concentrations were investigated in type 2 diabetic patients with CAD (DMCAD), and compared with the concentrations in diabetics patients without CAD (diabetes mellitus, DM). Whether resistin levels are associated with increased restenosis rates in diabetic patients with CAD after successful coronary stenting was also investigated. Methods and Results Fasting serum resistin, adiponectin, and leptin concentrations were measured in 45 DMCAD patients and 47 DM controls. The percutaneous coronary intervention study included 70 DMCAD patients, who underwent elective and successful coronary bare metal stent (BMS) implantation for the treatment of de novo lesions. Serum resistin concentrations were higher in the DMCAD patients than in the DM controls (5.75±3.21 vs 2.53±2.47 ng/ml, mean ± SEM, p<0.001), and these differences were persistent regardless of age or body mass index. Insulin resistance indices, as assessed via homeostasis model assessment (HOMA-IR) correlated significantly with resistin concentrations (r=0.4, p<0.001). Resistin was an independent factor, and was associated with DMCAD in the multivariate analysis. In the percutaneous coronary intervention study, HOMA-IR was not associated with subsequent restenosis rates after BMS implantation in DMCAD patients. Pre-procedural serum resistin concentrations were higher in restenosis group than in the patients without restenosis. Conclusions Serum resistin may prove to be a useful biological marker for CAD and restenosis in patients with type 2 DM. (Circ J 2007; 71: 868 -873) 
he risk of developing atherosclerotic cardiovascular disease is known to be 2-4-fold higher in patients with type 2 diabetes mellitus (DM) than in nondiabetic subjects. Clustering of insulin resistance (IR), metabolic dyslipidemia, and chronic inflammation may account for some of these proatherosclerotic effects.
Adipose tissue is known to secrete several hormones and cytokines that are actively involved in energy, glucose, and lipid homeostasis. Adipocytokines, such as tumor necrosis factor (TNF-), leptin, and adiponectin, may modulate both intermediate metabolism and energy balance. 1 Recently, a new adipocytokine, resistin, has been suggested as the link between obesity and IR. 2 Serum concentrations of resistin are elevated in human subjects who are obese, 3 as well as in those with type 2 DM. 4 Resistin is expressed by both human monocytes and adipocytes, and in vitro the mRNA level is upregulated during differentiation of monocytes into macrophages. 5 However, the physiological role of resistin in the development of atherosclerosis remains unknown.
In order to characterize the relationship between resistin and atherosclerosis, we measured the serum concentrations of resistin in patients with type 2 DM and atherosclerotic coronary artery disease (DMCAD). We also analyzed the relationship between resistin concentration and restenosis rates in DMCAD patients who had successful implantation of a bare metal stent (BMS).
Methods

Study 1: Biological Marker for DM Patients With CAD
Study Patients Forty-five consecutive patients with type 2 DM who had significant stenosis in at least 1 major coronary artery, or who had a history of myocardial infarction, or who had previously undergone percutaneous coronary intervention (PCI) or coronary artery bypass grafts, were included in the DMCAD group; 47 consecutive patients with type 2 DM without the evidence of CAD were the controls. None of them had any history of angina or other heart diseases, and had abnormal resting ECG findings or positive results for an exercise stress test. The exclusion criteria were as follows: evidence of current infective, inflammatory, or neoplastic conditions; hepatic or renal dysfunction; currently taking thiazolidinedione or insulin; and participation in a drug or device trial within the previous 30 days.
Informed consent for this study was given by all patients. The protocols of this study were consistent with the ethical guidelines of the 1975 Helsinki Declaration, and the institutional review boards ensured appropriate ethical and bioethical conduct.
We measured fasting serum concentrations of resistin, adiponectin, leptin, and lipids in all study patients. IR was quantified using the homeostasis model of assessment (HOMA-IR).
Blood Sampling and Analysis Peripheral venous blood samples were obtained from all patients after fasting. The serum samples were processed immediately, coded, and then stored at -70°C until blind analysis was conducted at the end of the study. Serum resistin concentrations were measured by enzyme-linked immunosorbent assay (ELISA) method using a commercial kit (LINCO Research Inc, MO, USA). Serum concentrations of normal healthy people were 1.92±0.37 ng/ml (mean ± SEM, range 0.29-3.74 ng/ml). Serum concentrations of leptin and adiponectin were measured by radioimmunoassay (RIA) using commercial kits (LINCO Research Inc). Serum insulin concentrations were measured by RIA (Biosource Inc, Belgium).
Study 2: Biological Marker for Restenosis After BMS Implantation in DM Patients
Study Patients This study was designed as prospective cohort study. The PCI study included 70 DM patients who suffered from symptomatic CAD and had undergone elective and successful BMS implantation for the treatment of de novo lesions. The PCI procedure was performed using a femoral or radial approach according to standard techniques. PCI was defined as successful when the residual luminal stenosis of the dilated segment was visually estimated to be <20% and when no major complications occurred, such as myocardial infarction, emergency bypass surgery during hospitalization, or death in hospital. During the PCI procedure, intravenous heparin was given as a bolus of 5,000 U.
Coronary stenosis was assessed in ≥2 projections before and after PCI. The coronary BMS were Express (Boston Scientific, USA) or S7 (Medtronic Inc, USA). This study included 35 DM patients who had developed restenosis after the implantation of BMS and 35 DM patients who had not. The exclusion criteria included any evidence of current infective, inflammatory, or neoplastic conditions; hepatic or renal dysfunction; and any participation in drug or device trials within the previous 30 days. All of the stented patients received aspirin (75-150 mg daily), or clopidogrel (300 mg prior to stenting, then 75 mg daily for 1 month subsequent to stenting). Heparin was administered intra-arterially, and its dosage was titrated in order to ensure an activated clotting time of greater than 300 s during the procedure. There was no difference between the restenotic and non-restenotic groups in the type of BMS.
Blood Sampling and Analysis Peripheral venous blood samples were obtained from all patients prior to the procedure, and 6 months later. Serum samples were immediately processed, coded, and then stored at -70°C until the end of the study, at which time they were subjected to a blind analysis. The serum interleukin (IL)-1 and resistin concentrations were measured using the ELISA method (R&D Systems and LINCO Research Inc, respectively). Serum concentrations of insulin were measured using RIA (LINCO Research Inc).
Angiographic Studies Angiography was conducted in at least 2 orthogonal views, and intracoronary nitroglycerin was administered prior to the key angiographic acquisitions during the stent procedure, and at the 6-month angiographic follow-up. Quantitative coronary angiographic (QCA) computer-assisted analysis (QUANTCOR-QCA, Siemens) was conducted on the end-diastolic frames acquired just prior to the wiring of the target lesion, after stenting and upon follow-up, using the automated edge-detection system. Identical target lesion projections were used in all of the angiographic assessments. Restenosis was defined as a ≥50% diameter stenosis at the site of the treated lesion on the follow-up QCA.
Statistical Analysis
Statistical analyses were conducted using SPSS V10.0 (SPSS Inc, Chicago, IL, USA). Continuous variables are expressed as means ± SEM, and were compared via unpaired, 2-sided t-test analyses. The discrete variables were compared via 2 or Fisher's exact tests, as appropriate. Logistic regression analyses were also conducted, in order to assess the effects of risk factors on the development of CAD. The clinical and metabolic factors that were assigned a p-value <1.0 in the t-test analysis were selected, and analyzed via logistic regression. A p-value <0.05 was considered to be statistically significant.
Results
Resistin as a Biological Marker for DM Patients With CAD
The anthropometrics and metabolic characteristics of the type 2 DM controls and DMCAD patients are shown in Table 1 . Fasting serum insulin concentrations were higher in the DMCAD group, but fasting glucose, HOMA-IR, and lipid concentrations were not different. Serum leptin concentrations were higher in the DMCAD than in the control group (11.39±2.23 vs 6.45±0.83 ng/ml, DMCAD vs control, p<0.05, Table 1 ). Serum adiponectin concentrations were also higher in the DMCAD group than in the controls (6.63± 0.98 vs 4.44±0.41 g/ml, DMCAD vs control, p<0.05). Serum resistin concentrations were also higher in the DMCAD group than in the controls (5.75±0.58 vs 2.53± 0.37 ng/ml, DMCAD vs control, p<0.001). The HOMA-IR concentrations did not differ between the 2 groups. Serum resistin concentrations had no correlations with weight, body mass index (BMI), waist circumference, blood pressure, or serum concentrations of lipids, fasting glucose, insulin, adiponectin, or leptin. The HOMA-IR significantly correlated with serum resistin concentration (r=0.4, p<0.001, Fig 1) . The serum resistin concentrations did not differ significantly according to the results of coronary angiography (5.59±0.98 vs 5.95±0.85 vs 5.53±0.88 ng/ml, 1-vessel vs 2-vessel vs 3-vessel disease, p=NS).
In the multivariate analysis, of age, smoking, low-density lipoprotein-cholesterol, the serum concentrations of resistin, leptin and adiponectin, and HOMA-IR, only resistin concentration was significantly related to DMCAD (Table 2) .
Resistin as a Biological Marker for Restenosis in BMS Implantation in DM Patients
The PCI study included 35 patients with type 2 DM who developed restenosis after BMS implantation for de novo lesions and 35 DM patients who did not experience restenosis. There were no statistical differences in the clinical, pharmacological, and procedural characteristics of the 2 groups (Tables 3,4) . According to the QCA analysis, there were no statistical differences in the reference diameter, minimum lumen diameter, percent diameter stenosis, or acute gain before and after implantation of the BMS.
Only the pre-procedural serum resistin concentrations were significantly higher in the restenosis group (4.09±0.42 vs 2.54±0.61 ng/ml, restenotic vs non-restenotic group, p<0.05, Table 3 , Fig 2) . However, the correlation between the serum resistin concentration and late loss or late loss index by QCA was not significant (log-resistin and late loss, r=0.232, p=0.092; log-resistin and late loss index, r=0.116, p=0.263).
Post-procedural serum resistin concentrations at 6 months were not significantly different between groups (2.72±0.36 vs 2.98±0.64 ng/ml, restenosis vs non-restenosis group, p=NS).
Serum IL-1 concentrations and HOMA-IR were not different between groups.
Discussion
Metabolic syndrome is associated with increased risk of cardiovascular disease and it is considered that there is association between adipocytokine, long-term weight fluctuation and metabolic syndrome. 6 Adipose tissue secretes several hormones and cytokines that are actively involved in energy, glucose, and lipid homeostasis. Adipocytokines, such as TNF-, leptin, and adiponectin, appear to modulate both intermediate metabolism and energy balance, 1 and may link IR to cardiovascular disease.
Leptin, an adipocyte-derived hormone that is known to Table 3 for other abbrebiation. have effects on both food intake and energy expenditure, may constitute the link between obesity, diabetes, cardiovascular risk, and ventricular hypertrophy. 7 In a prospective study, higher concentrations of leptin in hypercholesterolemia were associated with increased risk of future coronary events. 8 Adiponectin, which is expressed by differentiated adipocytes, exhibits a host of biofunctions, including antidiabetic, antiatherosclerotic, and antiinflammatory effects. [9] [10] [11] Recently, a novel adipocytokine, resistin, was identified in mice during screening of genes associated with adipocyte differentiation; 2 however, its expression was downregulated in mature adipocytes that were exposed to rosiglitazone, an insulin-sensitizing drug that is used routinely in the treatment of type 2 DM. In mice, the retn gene was expressed exclusively in the white adipose tissue. Resistin protein is also detectable in both adipocytes and blood. Administration of resistin to wild-type mice worsens glucose homeostasis and insulin sensitivity. Furthermore, antibody-mediated neutralization of resistin, by the injection of antibodies into mice with diet-induced obesity, reduces blood glucose concentrations and concomitantly enhances insulin sensitivity. Therefore, resistin has been suggested to be a link between obesity and IR. 12, 13 However, its relevance to human DM remains unclear at this point. In humans, the association of serum resistin with IR is still controversial. Silha et al 14 reported that resistin concentrations were not correlated with BMI, although the concentrations were correlated significantly with HOMA-IR. In Pima Indians, high serum resistin concentrations were associated with increases in adiposity, but not with any exacerbation of IR. 15 In a study of patients with type 2 DM, serum human resistin concentrations were not correlated significantly with either BMI or HOMA-IR. 16 In a study of lung inflammation, the proteins induced during inflammation were referred to as the "found in inflammatory zone" (FIZZ1) proteins. 17 Resistin was identified as FIZZ3 and was involved with inflammation. TNFhas been shown to be elevated in IR and to also antagonize the action of insulin. 12, 18 Serum resistin concentrations have been correlated with the concentrations of C-reactive protein. 19 However, IL-6 is not a major determinant in the regulation of the expression of resistin. 20 In an in vitro study, endothelial cells, which had been incubated with resistin, enhanced/stimulated endothelin-1 release, and also upregulated the expression of vascular cell adhesion molecule-1 and monocyte chemoattractant chemokine-1. 21 These findings suggest that resistin may be associated with cardiovascular disease in metabolic syndrome.
Serum concentrations of resistin are elevated in humans who are obese, 3 as well as in patients with type 2 DM. 4 Resistin is expressed by both human monocytes and adipocytes, and the differentiation of monocytes into macrophages in vitro is also associated with a concomitant increase in the level of resistin mRNA. 5 Ozawa et al demonstrated that serum resistin concentrations correlated strongly with promoter polymorphisms, as well as type 2 DM and metaanalysis, which supports the notion of a relationship between resistin gene polymorphisms and type 2 DM. 22 Calabro et al indicated that resistin promoted the proliferation of smooth muscle cells via the activation of extracellular signal-regulated kinase 1/2 and phosphatidylinositol 3-kinase in vitro, and also suggested that resistin might have some effect on restenosis. 23 Hyperuricemia is also considered to be associated with IR, 24 but we could not find a correlation of serum uric acid concentration with HOMA-IR.
Study Limitations
A relatively small number of subjects were enrolled in this study, and our power to detect associations between resistin and the selected clinical parameters might have been attenuated. Therefore, a larger randomized controlled study is required to give the definitive answer.
Conclusions
As compared with type 2 DM patients who did not have CAD, the serum resistin concentrations were elevated in DMCAD patients, and the pre-procedural serum resistin concentrations were higher in type 2 DM patients with restenosis after stenting with a BMS than in those who did not experience restenosis. Serum resistin might be a biological marker for CAD and restenosis in type 2 DM patients. Further studies are required in order to clarify resistin's role in the development of atherosclerosis in patients with type 2 DM.
